INTRODUCTION
Emulsions are important application used in food, pharmaceutical and personal care products. Emulsion is a biphasic system consisting of two or more immiscible liquids where both the dispersed and continuous phases are liquids. This system is usually thermodynamically unstable and separation of these phases is very likely to occur due to the interfacial tension between the phases.
Palm oil possesses excellent stability and dietary benefits due to the presence of natural sources of metabolites such as tocopherols, tocotrienols and carotenoids. The presence of natural vitamin E in palm oil improves the shelf-life of palm-based food products. Furthermore, tocotrienols have been reported to exert anti-oxidant abilities and serve as natural inhibitor of cholesterol synthesis 1 . Olive oil OO is a valuable natural product that provides a unique flavor and an excellent nutritional profile. Its minor phenolic compounds, oleuropein and cafeic acid are reported to possess myocardial antioxidant activity in standard-fed conditions 2 . On the other hand, grape seed oil GSO has been widely treated as a functional food product in recent years, owing to its good nutritional and medicinal properties. It contains appreciable quantities of vitamins, phenolic compounds, carotenoids and phytosterols 3 . Previous literature data indicated that GSO exhibits antimicrobial 4 , anti-inflammatory 5 and antioxidant 6 properties. Therefore, it is suitable to be used in food, pharmaceutical and cosmetic industries. Soybean oil SBO is extracted from Glycine max seeds Fabaceae . It is a popular edible oil used in baking, salad dressing and cooking. It contains high percentage of essential fatty acids, polyunsaturated fatty acids and minor constituents, such as vitamins, isoflavones, tocotrienols and phytosterols. Previous studies showed that it possessed extensive medicinal properties, including antioxidant 7 and anti-microbial, as well as protecting cell membranes from damage and infections 8 . In addition, sunflower seed oil SFO contains predominantly polyunsaturated fatty acids and has been widely used as a cooking oil. It is notably rich in vitamin E and contains minor compounds such as phytosterols, polyphenolics, squalene and hydrocarbons. Vitamin E in SFO contributes to its antimicrobial 9, 10 effect. 13 . The emulsifiers were often used with co-emulsifier, cetyl alcohol to give a stable emulsion 14 .
Stearic acid was included in the formulation as it possessed excellent thickening property and can help in stabilizing the emulsion 14 . The naturally occurring fatty acid, glycerol monolaurate GML was selected and used as a preservative. It has been widely used as a preservative or emulsifier in food industry and proven to exert antimicrobial, antibacterial 15 and antiviral 16 activities.
EXPERIMENTAL

Materials
POo, OO, SAF, GSO, SBO and SFO were purchased from local supermarket. Polyoxyethylene 20 sorbitan monostearate Tween 60 , polyoxyethylene 20 sorbitan monooleate Tween 80 and cetyl alcohol were purchased from R&M Chemicals. Stearic acid was purchased from Merck Millipore Darmstadt, Germany . GML was purchased from Hangzhou GengYang Chemical Materials Co., Ltd. 
.1 Characterization of test oils
The fatty acid positional distribution and saturation levels of the test oils were determined using a NMR spectrometer JEOL ECZ6000MHz 17 . 100 mg of test oils were dissolved in 0.5 mL of deuterated chloroform CDCl 3 and analyzed by 13 C-NMR quantitatively. The fatty acid positional composition in the triglycerides of test oils were acquired with specific parameters: relaxation delay of 15.0 s, 8192 of data points, 90 of pulse angle and spectral width of 1500 Hz at which the acyl chain carbonyl carbons resonate. The experiment was performed in triplicate for each oil.
Preparation of organic emulsion
Water-soluble ingredients, distilled water, Tween 60, Tween 80 were measured according to the usage level Table 2 , mixed and heated at 60 until completely dissolved. Oil-soluble ingredients, POo, cetyl alcohol, stearic acid and GML were measured according to the usage level Table 2 , mixed and heated at 70 until completely dissolved. Both water phase and oil phase mixtures were cooled down and maintained at 35 . Water phase mixture was then slowly added into oil phase mixture and homogenized with IKA T25 Digital Ultra-Turrax T25-D-S78 for 15 min at 6000 rpm. The emulsion was then poured into jars and kept at room temperature for 48 hours baseline to stabilize the emulsion for further analysis. The baseline t 0 was used as a control in this study. All of the steps above were repeated by replacing POo with OO, SAF, GSO, SBO and SFO.
Temperature Variation Testing
Temperature variation test was carried out to evaluate stability of emulsion according to Fernandes 18 with some modifications. The emulsions were stored at 4 in a fridge , 27 at room temperature and 40 in an oven for 35 days after stabilization. The stability evaluations of emulsions under different conditions were evaluated at the following intervals, 0, 1, 7, 14, 21, 28 and 35 days. All the emulsions from different conditions were subjected to all the stability tests, as well as pH and slip melting point. The tests were carried out in triplicate.
Centrifuge Testing
The accelerated stability test was performed using centrifuge test. The emulsions were centrifuged at 4000 rpm and 25 for 15 minutes using Universal 32R Centrifuge to examine phase separation.
Cycle Test
The thermal stability test of emulsions was performed by storing the emulsions in a freeze/thaw system. The emulsions were stored at 5 in a fridge for 24 hours, 27 at room temperature for 24 hours and 40 in an oven for 24 hours. The steps were repeated for 5 cycles and the changes were recorded.
Chemical Characteristics
The emulsions were melted and filled into the capillary tubes for approximately 1 cm from the open end of the capillary tubes and kept at 5 for 24 hours. The capillaries were then tied to the lowest part of the thermometer and immersed in a temperature-controlled water bath. The slip melting point SMP of emulsions was recorded once the emulsions began to rise in the capillary tubes. The pH of emulsions was measured using a calibrated pH meter. The slip melting point of emulsions was conducted using MPOB Test Method p4.2:2004: Determination of slip melting point.
Statistical Analysis
All the data were presented in mean standard deviations and performed by using statistical analysis software, GraphPad Prism 7. The data were analyzed by one-way analysis of variance ANOVA , followed by Tukey s Multiple Comparison Test. The p value 0.05 was considered to be statistically significant.
RESULTS & DISCUSSION
The stability test of finished cosmetic products has been refined persistently to ensure that the products meet all the intended quality standards, including microbiological, physical and chemical properties 19 . It is used to predict Note: "w" represents water phase and "o" represents oil phase.
the shelf life of the finished cosmetic products, as well as to ensure the functionality and safety of the products during the storage under the influence of environmental factors such as temperature and time.
The essential elements of emulsions consist of distilled water, oil, emulsifier, co-emulsifier, thickener and preservative. Each ingredient has different functionalities where none of the ingredients can be omitted from the formulation in order to produce a stable emulsion. Distilled water is usually used as a base for emulsion to reduce the viscosity of the emulsion whereas vegetable oil functions as a carrier oil and emollient to soften and hydrate the skin. In this study, the effect of saturation level of vegetable oils on the emulsion stability in the intended formulation was evaluated.
Temperature variation test is one of the common accelerated storage tests that has been developed in the cosmetic and pharmaceutical industries to evaluate the product longevity in terms of package compatibility. In the study, all the emulsions were subjected to temperature variation test and monitored weekly. The results illustrated that no separation was detected in the stored emulsions at 4 , 27 and 40 throughout the duration of 35 days. There were no statistically significant differences p 0.05 observed between POo, OO, SAF, GSO, SBO and SFO. All the vegetable oil-based emulsions exhibited acceptable stability under the influence of temperature.
The centrifuge test which involves the use of centrifugal force to separate mixtures is another important qualitative stability test to assess and predict the shelf life of emulsions. The test is often used to detect a phenomenon in which the dispersed phase rises to the surface of the emulsion, subsequently forming an oil droplet layer 20 . This phenomenon is identified as creaming, an indicator for emulsion instability. There is no creaming being observed in all the emulsions stored at 0 and 27 after centrifugation. In the case of the emulsions that were kept at 40 , the percentages of phase separation of OO, SAF, GSO, SBO and SFO-based emulsions were remarkably increased after a 14-day of the experimental period compared to that of POo-based emulsion Fig. 1 and Additionally, cycle test was carried out on the emulsions to evaluate the emulsion stability 21 . The emulsions passed five cycles with no phase separations observed in any of the emulsions throughout the test. The results revealed that all the vegetable oil-based emulsions exhibited good degree of confidence in the emulsion stability under the influence of temperature. There were no significant differences p 0.05 observed for the SMP among all the emulsions kept at the three storage temperatures Tables 4, 5 and 6 . In spite of the fact that the melting point of POo 25 was relatively higher 25 than that of the other oils with MUFA and PUFA 0 Table 1 , the SMP of the emulsions was found to be as close as the melting point of water rather than the oil because of the usage level of oil in this formulation was relatively lower than water. Therefore, the vegetable oils gave insignificant effect to the SMP in the formulation. Fig. 1 Centrifuge test on emulsions with storage temperature at 40 . Table 3 Centrifuge test on emulsions with storage temperature of 40 . Grapeseed Oil 0 0 0 0.33±0.14 0.92±0.14 1.58±0.14 1.83±0.14 Soybean Oil 0 0 0 0.42±0.14 0.50±0.00 1.42±0.14 2.08±0.14 Sunflower Oil 0 0 0 0.17±0.14 0.67±0.14 1.08±0.14 1.92±0.14 The pH of the emulsions was tested to ensure that the new formulation will have an ideal pH value of the skin in the range of 4.5 to 6.0 22 . The initial pH values of POo, OO, SAF, GSO, SBO and SFO were 6.00, 6.06, 6.00, 6.07, 6.08 and 6.09, respectively. The pH values of all the emulsions were in the range of 5.41 to 6.11 throughout the experimental period Tables 7, 8 and 9 . The minimum pH value fell within the ideal pH range whereas the maximum pH value was slightly higher than the ideal pH value. Despite that, there were no statistically significant differences p 0.05 in the pH ranges observ among all the emulsions stored at different conditions. Thus, we suggest that all the emulsions are suitable to be applied in skin care products. However, it was observed that the pH values of the three polyunsaturated oils, GSO, SBO and SFO-based emulsions stored at 40 were lower than those of the pH values of POo, OO and SAF-based emulsion at the end of the study Table 9 . This is due to polyunsaturated oils are more susceptible to oxidation. Previous literature data reported that the pH values of emulsions decrease when temperature increases owing to the degradation of oil components which subsequently forms fatty acids 23 . There was no significant reduction of pH values of emulsions observed in our study, which postulated that no formation of significant amount of free fatty acids in the emulsions.
Groups
CONCLUSION
All the vegetable oil-based emulsions in the study exhibited good emulsion stability with no phase separation and creaming observed, including temperature variation, cycle test, pH and SMP throughout the 35-days stability study. POo-based emulsion showed greater stability than other vegetable oils in the centrifuge test with no significant phase separation in the emulsion throughout the experimental period. Therefore, POo could be a good source of emulsion for various applications in the cosmetic and skin care industries.
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